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The need to a cheap, environmentally friendly, good cycleability, high-rate 
power and specific potential requirement electrodes for lithium ion batteries is 
never-ending request. 
Phosphate materials are good candidates which fulfill the above requirements, 
for example, we report in this work the possibility of using titanium phosphate 
materials as positive electrode in lithium ion batteries (Chapter I) and new 
material (FePS3 as an example of layered transition chalcogenophosphates) 
which is never reported before for lithium ions insertion as negative electrode 
material; to the best of the author knowledge (Chapter II). 
Chapter I discuss the synthesis of the mesoporous titanium phosphates (up to 
500 oC in this study) and then compare it to higher temperature where the 
mesoporisty is lost. The results showed that changing of the molar ratio of the 
reactants of P:Ti is a drastic factor in obtaining different morphological 
particles and different electrochemical performances as studied by cyclic 
voltammetry and coin-cell capacity. X-ray diffraction showed that phases 
were formed of titanium oxo phosphate and titanium pyrophosphate as 
indicated by X-ray diffraction and confirmed by electrochemistry of lithium 
insertion. However, anatase TiO2 can not be excluded since the mean 
diffraction peak is positioned in the same diffraction angle of the mean peak 
of titanium oxo phosphate and titanium pyrophosphate. 
The presence of anatase TiO2 was confirmed by the electrochemistry of 
lithium insertion. 
Chapter II shows preliminary results of using chalcogenophosphate, FePS3, as 














1100 mAh/g. The disadvantage of this material is that the cycleability is still 
poor which a general disadvantage for the similar materials is. Beside the high 
capacity obtained, it is the first time we report here of the use of this materials 
as positive electrode materials for lithium ion batteries which might open a 
new research following this work. 
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Mesoporous titanium phosphate as cathode materials 















The discovery of silicious material M41S family by Mobil researchers [1; 2] 
and its related members in 1992, which characterized by ordered mesoporous 
structure with sharp pore size distribution, was the breakthrough lead to 
surged interest in porous silicious and non-silicious materials as well, 
especially in mesoporous range. Shortly, after this discovery; mesoporous 
materials have taken the most attention and many researches were focused on 
how to prepare them for different applications including, for example; 
catalysis [3; 4], sensors [5-8], host materials for lithium ion storage [9-11], 
hydrogen production [12; 13] and storage [14; 15], electrochromic windows 
[16; 17], and dye-sensitized solar cells [18-21].  
Most used technique of synthesizing these materials depends on using ionic 




















Fig. 2 Illustration of using non-ionic surfactant and the amount of water on 
the formation of mesoporous materials. 
The cationic or anionic part of the surfactant (ionic template) can interact with 
the inorganic precursor through hydrolysis and condensation allowing 
adsorption of these inorganic species in different shapes according to different 
micelle morphology. For example, micelle morphology can be of spherical, 
cylindrical, planar bilayer, reverse micelle and bicontinious. After removal of 
this template either by soft chemistry or through thermal degradation, the 
mesoporous material obtained. 














last few years. The mechanism of using non-ionic surfactant as template is 
shown in Fig. 2 (Taken pluronic as an example of non-ionic surfactant). 
Fig. 2 shows the effect of water used in the hydrolysis step which is affecting 
on the quality of the formed mesoporous materials.   
The breakthrough of Padhi et al [22-24] reporting the possibility of usage of 
olivine LiFePO4, triphylite,  as cathode material in lithium ion batteries, as 
stable electrode because of P-O bond in these PO4 groups attributed to be 
highly covalent [23] in nature and has the ability to form polyanions similar to 
those of (Li3Fe2(PO4)3) from one side. On the other hand, the tetrahedral 
complexes are isolated from each other and each Fe(II) shares one of its edge 
with a PO4 tetrahedron has led to intensive and focused research on metal 
phosphate in general and on lithium iron phosphate in particular.  
Many attempts were tried to synthesize the mesoporous titanium phosphate 
for lithium ion batteries and catalysis.  A short description of these efforts is 
given below: 
In 1999, Rodriguez-Castellon, et al. [25], used cationic surfactant CTAB to 
synthesis titanium phosphate with mesoporous structure with high BET 
surface area (230-400 m2/g) and narrow pore size distribution. 














titanium oxide phosphate by cationic-surfactant (CTAB) as structure directing 
agent which has almost the same high BET surface area and narrow pore 
distribution as that reported by Rodriguez-Castellon, et al [25]. 
In 2001, Guo et al [27] reported the synthesis of the titanium phosphate with a 
one-dimensional chiral chain by using ethylene diamine as a complexing 
agent, however, there was no any report concerning the mesoporosity in their 
work. 
In 2001, Liu et al [28], synthesized 3-dimensional titanium phosphate by 
hydrothermal method; however this crucial advantage, a mesoporosity was not 
discussed in their work. 
In 2001, Bhaumik and Inagaki [29] reported the synthesis of mesoporous 
titanium phosphate using anionic surfactant as a template; however, the 
synthesized mesoporous titanium phosphate was only stable up to 300 °C. 
In 2002, Serre et al [30] reported synthesis of titanium phosphate by 
hydrothermal synthesis and using organic molecules in fluorinated media. The 
synthesized titanium phosphate was either hexagonal or lamellar with a 
semicrystalline inorganic framework. 
In 2003, Dong et al [31] reported the use of carbon as template to synthesis 














In 2003, Pan et al [32] reported the synthesis of mesoporous titanium 
phosphate by using long chain alkylamine. 
In 2005, Kovalchuk et al [33] reported that MCM-41 could be functionalized 
with phosphate and titanium a phosphate group which is another emphasizing 
of the significance of the mesoporous titanium phosphate. 
In 2006, Shi et al, reported synthesis of mesoporous titanium phosphate 
synthesized based on evaporation induced self-assembly. 
In 2007, Fei, et al [34] reported a facile template-free synthesis of meso-
macroporous titanium phosphate with hierarchical pore structure, however, no 
electrochemical properties discussed. 
The major drawback for most of metal phosphate materials for lithium ion 
batteries application, in general; is the low electronic conductivity which 
renders their usage inapplicable. However, this problem could be solved by 
the addition of electronic conductor, such as the addition of active carbon [24; 
35; 36], or through synthesis of the metal phosphate materials in the 
mesoporous range which can improve the conductivity [25; 37]. 
The interest of the mesoporous titanium phosphate for different applications 
was reported, for example, Thieme and Schüth [38] reported the synthesis of a 














250-350 m2 g-1) of mesoporous titanium oxo phosphate which was successful 
by using non-ionic surfactant route. However, in their work, there was no 
confirmation of how they positively sure that the prepared material was single 
phase (pure) titanium oxo phosphate. 
Bhaumik and Inagaki [29] reported the synthesis and investigation of 
mesoporous titanium phosphate with higher BET surface area (~ 700 m2g-1) as 
molecular sieve with ion-exchange properties. However, the maximum 
temperature they applied during thermal treatment was only in the range of 
45-175°C (under vacuum for 1 day), which can not investigate well the 
thermal stability of these materials. The possibility of the presence of TiO2 
might be the reason of this high relative BET surface area which was 
comparable to the value obtained by Antonelli during his synthesis of 
phosphorus-free mesoporous titania [39], moreover; the 
octadecyltrimethyleammonium chloride, as structure directing agent, used in 
Bhaumik and Inagaki work [29], might not be removed completely at such 
temperature and might be the reason of the relative high BET surface area 
they obtained. 
The above mentioned contradictions represented some examples in the 














analyzed alone by the X-ray diffraction  this made the identification of phase 
vague. In general, many authors reported titanium phosphates without giving 
any confirmation concerning their chemical purity, and either the synthesized 
materials were crystalline, amorphous or mixed phase and their effects on the 
electrochemical properties of these materials.  
In this chapter, the work aimed at synthesize different mesoporous titanium 
phosphate materials by changing molar ratios of phosphorus and titanium, and 
then characterize and investigate these materials to confirm their phase purity 
and to investigate these synthesized materials’ feasibility of using them as 














 2. Experimental 
2.1. Synthesis of Mesoporous Titanium Phosphate Materials 
Samples were prepared by a modified copolymer surfactant, EO20-PO70-
EO20, Pluronic (P123) template method [11]. The protocol of synthesis 
included dissolving of 4.5 g of P123 in appropriate volume of ethanol by the 
help of ultrasonication, titanium tetrabutoxide (Ti(OC4H9)4) added to the 
above solution followed by the addition of 4.12 g of PCl3 slowly and 
dropwisely. The above mixture was allowed to mix through stirring and kept 
at 40 °C in oil bath to ensure a complete reaction for a day, at least. The sol 
poured into Petri-dishes and left in air to allow its transformation into gel at 
room temperature for about 2-3 weeks. Three different molar ratio of P:Ti 
were prepared, viz., 0.412, and 2.06 and donated the names of P-a, and  P-b 
respectively. The samples were dried gradually at 40, 60 and then at 80 °C for 
2 hours each prior to final calcination at 120 °C for 1-2 days. Then for the heat 
treatment, the samples were divided into two groups, the first group heated at 
500 °C for 10 hours in air while the second group heated at 800 °C for 3 hours 
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